SUMMARY: Thirty-two isolates from a number obtained from sea water off the South Indian coast, from marine sand and from molluscs, proved to be denitrifiers. The reactions of 20 of these strains on different media show that they fall into five groups ; all are considered to be species of Pseudomonas, and two of the groups to be new species. It is possible that the observed fluctuations in the nitrate content of sea water are in part due to the activities of denitrifying bacteria.
Pearl Oysters (Pinctada vulgaris) collected off Tuticorin. Some more denitrifiers were isolated on a chitin medium, and three copper-tolerant strains from marine molluscs were also found to be denitrifiers (Sreenivasan, 1956 In all, 32 isolations of denitrifying bacteria were made; 20 of these are described in this paper (see Table 2 ).
Characteristics of the denitri&rs. All the denitrifying bacteria that we were able to isolate appeared to be Pseudomonas species. They differed from most other described species of this genus in their ability to grow abundantly in saline media, and at 3 7 ' . All of them seemed to need a certain minimum amount of organic matter for denitrification. Increasing amounts of peptone were added to a mineral salt medium containing 0-5 yo potassium nitrate; with 1500 p.p.m. peptone all the cultures showed signs of denitrification, but only three isolates were able to denitrify with 1000 p.p.m., though all the cultures could grow with this amount of peptone. Smaller amounts of peptone would support neither growth nor denitrification. Hydroxylamine, which is a possible intermediate product of nitrate reduction (Tanaka, 1953) , was toxic to all the isolates. They all grew in broth containing 0.005 yo hydroxylamine, but only one culture (group D) would grow in 0.025 yo; it did not, however, produce gas at this concentration. gas production was noticed in the presence of 0.5 yo sodium nitrite. Only one culture, Pseudomonas aeruginosa (group C 2) decomposed nitrates with glucose as source of energy and produced gas from the former. In all cases denitrification took place more rapidly under anaerobic condi-
tions. In open test tubes 0.2 % potassium nitrate was decomposed to gas in 7 days, but the same amount in anaerobic tubes showed gas formation 48-72 hr. after inoculation, and nitrite had completely disappeared in 5 days. The isolates fell into one of five groups (see Table 2 ). Group A consisted of 14 strains. Two of them differed from the rest in being able to grow in non-saline media. As will be seen in Table 3 , this group is not able to denitrify large amounts of nitrate, for in 1 yo nitrate broth it forms nitrite and small amount of gas only; but 0.2 yo of nitrate in broth is reduced to gas. The strains in this group can reduce 0.2 and 0.5 % of sodium nitrite to gas; they form gas on Waksman's calcium lactate medium, but do not grow either on Giltay's medium (nitrate, citrate and asparagine) or on the very simple glucose-nitrate medium of Fred & Waksman (see Table 1 ). As the strains in this group differ from any previously described marine Pseudomonas species, we propose to include them in a new species, P. marinodenitrijicans. The characteristics of this species are given in the Appendix, Group B consisted of a single culture, isolated from mussels. It was capable of growth in non-saline media, and was a more energetic denitrifier than group A. It reduces 1 yo nitrate broth with larger gas volume; 0-2 yo nitrate in broth is reduced completely to gas. Though 0.2 yo sodium nitrite was reduced to gas, 0.5 yo sodium nitrite inhibited gas production. Gas was slowly formed from Waksman's medium and more vigorously from Giltay's medium. But in the glucose +nitrate mediumneither growth nor gas production was noted. This is one of the versatile denitrifiers utilizing a large number of amino acids for energy, in contrast to group A (Venkataraman & Sreenivasan, 1955) . This culture differs from any hitherto described in the literature, and it is proposed to create for it a new species, Pseudomonas mytili. A full description of this is given in the Appendix, 
DISCUSSION
The known denitrifying bacteria can be classified in three genera : 1Wicrococcus (Kluyver, 1953 ; Robinson & Gibbons, 1952) ; Denitrobacillus (Verhoeven, 1952) ; and Pseudomonas. Several denitrifying Pseudomonas species are known to exist in soil (Christensen, 1903; Meiklejohn, 1940) ; the most adequately described of these soil forms is P. stutxeri (van Niel & Allen, 1952) ; P. aeruginosa and P. ureae are also denitrifiers (Bergey's Manual, 1948 In the present paper we describe 20 isolates, which all reduce nitrate to gas, and all of which we consider to be strains of Pseudornonas spp. One isolate we have been unable to allot to a species; others belong to the known species P. denitrijcans and P. aeruginosa; and finally there are several isolates which we consider should be classified in two new species, P . marinodenitri$cans and P. mytili.
It thus appears that denitrifying bacteria are common in the sea off the coasts of South India; this is in striking contrast to the waters of the Gulf of Maine Waksman, Reuszer, Carey, Hotchkiss & Renn, 1933) . Waksman and his colleagues think that denitrification is not possible at the surface of open seas, as do Thompson & Gilson (1937) . These two authors point out that an abundant source of easily oxidizable organic matter is necessary for denitrification, and they suppose that this is not obtainable in the waters of open seas. But ZoBell(l947) cites instances of heterotrophic bacteria in the euphotic zone which get much of their food from organic substances secreted by phytoplankton. noted that Fucus material may be used as a source of energy by denitrifying bacteria. Kadota (1951) showed that agar was oxidized by Vibrio purpureus during denitrification of potassium nitrate, and symbiotic denitrification was>reported by Burgwitz (1935) . It thus seems possible that plankton excreting organic matter, decomposing plankton, or other micro-organisms, may provide the organic matter necessary for bacteria to carry out denitrification in the sea. The ubiquitous nature of denitrifiers in marine materials is indeed interesting.
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